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Vacuum display device with increased resolution 1 0. 09. 2002 



The invention relates to a display device, comprising: 

- a display screen for displaying image iafonnation, said display screen comprising a first 
array of picture elements; 

- cathode means for emitting electrons and « « 

- a number of electron conc^trators for collecting the electrons, an electron concentrator 
having an exit ^erture for releasing an electron beam impinging on a pictm-e element of 
the display screen. 



An embodiment of such a display device is for instance previously desaibed 
in the uiq[>ublished European patent ^plication 01204291 .7. 

In the previously described display device, the display screen comprises a 
number of picture elements (pixels) arranged in rows and columns. Each pixel coiresponds to 
an electron beam guidance cavity, which concentrates and redistributes electrons emitted by 
the cathode means into an electron beam. Thus, in operation, each pixel receives a separate 
electron beam. The display device comprises addressing means to select each pixel and 
modulate the beam current of the electron beam impinging on that pixel, in correspondence 
with image information that is suppUed to the display device. Pixels are generally selected by 
means of row electrodes and column electrodes, which are provided with a row selection 
voltage and a column selection voltage respectively. 

Electrons emitted from a relatively lai^e cathode area are concentrated into an 
electron beam. Because of this, the beam current of the electron beam is relatively unaffected 
by a variation of the electron emission properties over the cathode means area. The electron 
beam impinging on the display screen is particularly uniformous. 

This advantage is particularly relevant if the cathode means comprises field 
emitters, which usuaUy show substantial inhomogenity in emission properties over the 
emitter area. Here, the beam current of the electron beam is the summed emission current of 
Ibe field emitters over the entire cathode means area corresponding to an electron 
concentrator. Because of this, the beam current/drive voltage characteristics of the different 
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electron beams are particularly similar, and brightaess miiformity between different pixels of 
the display screen is particularly high as well. 

The electron beams are accelerated towards the display screen, because the 
display screen Is suppiiea'with a relMvely KigbTaSiSdewltage^^ 
5 pixels comprise luminescent material that emits Ught when struck by a beam of accelerated 
electrons. By addressing the pixels in accordance with image information supplied to the 
display device, said image information can be displayed on the display screen as a light 
imagp. 

The previously described display devibe has the problem that it i& difficult to 
1 0 achieve a high resolution of the displayed image, while maintaining a good image quality. 

For instance, the display device is not suitable for use as a computer monitor 
having a display screen diagonal of 21 mch and XGA resolution (1280x1024 picture 
elements) or UXGA resolution (1600x1200 picture elements). This is especially trae for a 
color monitor, wherein a color pixel comprises for instance three primary color sub-pixels. 

15 



It is therefore an object of the invention to provide a display device as 

described in the opening paragraph, which is able to display an image having a relatively 

high resolution and good quality. 
20 This object is achieved by the display device according to the invention, as 

specified in the independent Claim 1. Further advantageous embodiments are defined in the 

dependent Claims 2-11. 

A display device according to the invention is therefore characterized in that 

the first array comprises a predetermined number of sub-arrays, a sub-array comprising at 
25 least two of the picture elements, a single electron concentrator is associated with a single 

sub-array, so that the number of the electron concentrators matches the number of the 

sub-airays, and the display device comprises selection means for deflecting ttie electron beam 

towards one of the picture elements within the sub-array. 

The invention is based on the recognition that the achievable image resolution 
30 is, amongst others, determined by the minimum distance between adjacent electron 

concentrators. 

Generally, the electron concentrators are formed in a substrate, for example a 

^platerA~proper-^operation-of-an-electron-concentratorj3^^ 

electron concentrator is at least 200 micrometer and more preferably at least 300 micrometer. 
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If the diameter of the electron concentrator is smaller, it does not collect a 
large enough number of electrons, so that the electron beam exiting fix>m the electron 
concentrator is relatively weak. Moreover, the concentrating function of the electron 
concentrator is then insufficient, and the electron beam is relatively inhomogeneous. These 
effects reduce the brightness of the displayed image, and also variations in brightness are 
visible, both within single pixels and between different pixels. 

For instance in a 21 inch diagonal color UXGA monitor, 4800 color sub-pixels 
have to be provided within a horizontal width of proximately 425 millimeter. This requires 
a distance between adjacent picture elements of proximately 90 micrometer. In «iis case, 
a^acent electron concentrators should also be spaced apart by a 90 micrometer distance 
which is significantly less than the minimum diameter that is required for proper operation of 
the election concentrator. 

By applying the inv^tion, the picture elements are arranged in sub-arrays, 
whereby an electron concentrator corresponds to a sub-array of pixels. The electron beam 
exiting fix>m the electron concentrator is deflectable by the selection means and may thereby 
impinge on any picture elouent witiiin the sub-array associated with the electron 
concentrator. 

A 1:1 ratio of the distance betweai adjacent electron concentrators and the 
distance between adjacent pixels is no longer required. The electron concentrators can now 
be spaced apart further, while adjacent pixels rranain at a relatively small distance. Thereby, 
proper functioning of the electron concentrators can be ensured, while the image resolution 
can be increased as desired. The displayed image may now both have a relatively high 
resolution and relatively good quality. 

In the above-mentioned example, a sub-array conqnises three color sub-pixels 
corresponding to the primary phosphor colors red, green and blue. The electron beam exiting 
fiom an electron concentrator may now subsequently be deflected towards the red, green and 
blue phosphor sub-pixels, so that the human eye perceives a color picture element In this 
example, ttie distance between adjacent electron concentrators can be equal to 3x90 = 270 
micrometw, which is a sufficiently higji value. 

When applying the present invention, a further advantage is that the number of 
voltages required to address the pixels of the display device is reduced. For instance, the 
sub-arrays are now arranged in rows and columns, instead of the individual pixels. Thus, the 
required number of row and column selection voltages is determined by the number of 
sub-arrays, mstead of by the number of pixels. Only a few deflection voltages are required to 
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deflect aa electron beam to any pixel within a sub-array. These deflection voltages are 
advantageously supplied to each of the selection means at the same time. 

In the above-mentioned example relating to a color display device, the number 
of columns is induced by a factor ortBreeTbecause a colxmm now comprises fBreeHiff^f^tly 
5 colored pixels. Thus, the number of column selection voltages is also reduced by a factor of 
three. The electron beams are deflected in one direction to the respective color pixels, which 
deflection may be achieved by two deflection voltages at most. In an UXGA color display, 
the number of addressing voltages is reduced from 6000 (=1600x3 + 1200) to 2802 
(«1 600+1200+2). This advantage gets even larger as a sub-arraV comprises more picture ' 
10 elements. 

Preferably, the electron concentrator coxx^rises the selection means. 
This is a particularly efiScient way to carry out the invention. In this way, the 
electron beam may be deflected as it leaves the electron concentrator. The electrons still have 
a relatively low speed then, and consequently the electrons feel the deflection field well. The 
1 5 strength of the deflection field may be relatively low, whereby a sufficient amount of 
deflection is obtained. 

Preferably, ttie electron concentrator comprises an electron beam guidance 
cavity being provided with secondary emission material and having an entrance being larger 
than the exit aperture, whereby a hop electrode is arranged near said exit aperture for 
20 enabling a hopping transport of the electrons towards said aperture. 

This is a particularly efficient embodiment of the electron concentrator. 
Electron beam guidance based on hopping transport of the electrons is known per se firom 
United States patent 5,270,61 1. 

Hopping transport of the electrons is based on a secondary emission process. 
25 In operation, the hop electrode receives a hop voltage, so that electrons in the cavity are . 
accelerated towards the exit £q)erture. The inner surface of the cavit/ comprises an 
electrically insulating material having a secondary emission function. When an electron 
strikes upon tiie inner sur&ce, it is absorbed and a secondary electron is released and 
accelerated towards the exit aperture. For each emitted electron that enters the cavity, on 
30 average one electron is emitted from the exit aperture. Thus, on average, as many electrons 
leave the cavity as enter it and the electron beam is guided through the cavity. 

The cavity collects the electrons from the relatively large entrance, and 

concentrates-and-redistributesjthenUnto>.anjelectronJbea^ 

exit e^erture. 
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The ratio between the surface areas of the entrance and of the exit aperture is 
for instance 5:1, but may have a value of 10:1 or more, for example 20:1, 50:1 or 100:1. An 
electron concentrator is now advantageously associated with a tile of picture elements, for 
instance 2x2 or 3x3 picture elements. The entrance is relatively large in this embodiment, and 
thus electrons are drawn jfrom a relatively large part of the cathode means. Thereby, the beam 
current of the electron beam exiting from the electron concentrator may be particularly high. 
Also, the electron beam is particularly homogenous, so that the displayed image shows 
relatively few intensity variations. 

In a preferred embodiment^ the selection means titen conq>ri$6 an outer 
electrode arranged substantially outside the hop electrode, said outer electrode having at least 
two segments on opposing sides of the exit aperture, between which segments a deflection 
voltage is applied for deflecting the electron beam. 

The segments of the outer electrode are, on average, at a lower voltage than 
the hop voltage. Thus, an electron lens is formed which confines the exiting electron beam. 
Because of the deflection voltage, an electric field is formed between tiie segments of the 
outer electrode, which field acts transversely on the exiting electron beam. Thereby, said 
electron beam is deflectable towards a picture element within the sub-array corresponding to . 
the electron concentrator. 

In a preferred embodiment, a sub-array comprises an even number of picture 
elements, a center of the sub-array being aligned with a main axis of the electron beam 
guidance cavity. In this setup, an undeflected electron beam exitmg from the cavity lands in 
the center of the sub-array. Generally, the landing position is then in between pixels, where 
preferably a black matrix material is provided. During operation, the electron beam always 
impinges on a pixel, so that in this preferred embodiment the addressing of the display device 
always requires deflection of the electron beam by the selection means. 

The display device operates under vacuum conditions, however in practice 
residual gases are always present in the display device, even after evacuation. Between the 
exit aperture and the display screen, electrons in the beam may coUide with residual gas 
atoms, which are thereby ionized. Thus, positive ions are formed which are repelled by the 
anode voltage and accelerated towards the electron concentrators. 

In this embodiment, the electron beam is deflected by flie voltage difference 
over the segments of the outer electrode. However, when the positive ions arrive near the exit 
aperture, they have gained a relatively high speed. Thus, the ions are hardly deflected by the 
voltage difference, and generally coUide with the plate in which the electron beam guidance 
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cavities are provided. As a consequence, the fraction of the positive ions that passes through 
the exit aperture, towards the cathode means, is reduced. This is an advantage, since impact 
of positive ions on the cathode means causes damage thereto. The cathode damage is 
tBSefore reduced intlus embodiffiCTrt: 
5 Preferably, the cathode means comprises a field emitter. Field emitters require 

only a relatively low power for generating a sufficiently large number of electrons. 

These and other aspects of the invention will be apparent from and elucidated 
1 0 with reference to the embodiment described hereinafter. 
In the drawings: 

Fig. 1 A is a jSrst preferred embodiment of the display device according to the 
present inventioi^ 

Fig. IB shows the selection means and a sub-array of pixels in the first 
15 preferred embodiment, in more detail; 

Fig. 2 shows an embodiment of cathode means suitable for use in tibie display 

device; 

Fig. 3 shows the selection means and a sub-array of pixels in a second 
preferred embodiment of the display device, and 
20 Fig. 4 shows the generation of positive ions in the display device, by a 

deflected electron beam. 

A first prefeired embodiment of the display device has a display screen 130 
25 arranged near a front plate 1 51, and cathode means 120 arranged near a back plate 152; for 

forming a plurality of electron beams EB. The &ont plate 151 facing the viewer may be 

substantially flat, and the display device can be relatively thin. The thickness of the entire 

structure could be 1 centimetCT or less. 

The rectangular display screen 130 comprises picture elements (which for 
30 reason of clarity are also referred to as "sub-pixels" hereinafter) 132R,G,B that together 

constitute a sub-array (which is referred to as **color pixel'* hereinafter) 135. Whereas in Fig. 

1 A a display device is shown that has only a few color pixels 135, a real display device has a 
much.larger-JiumberLo£coloi:.pixels,JbrJnstanceLi024x^^^ 
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display screen 130 is at a relatively high aaode voltage, for instance 10 kV, for accelerating 
an electron beam EB towards the screen. 

Each sub-pixel 132R,G3 is provided with a luminescent material, for instance 
a phosphor, which emits light when it is struck by an electron beam EB. Different 
5 luminescent materials are applied, each corresponding to one of the primary colors red, green 
and blue. The light emitted from the sub-pixel 132R,G, B travels through the front plate 151 
towards a viewer, who watches the display device at a certam distance, and perceives the 
three sub-pixels as a sing|le color pixel 13S. The dimensions of a sub-pixel 132R,G3 are for 
instance 100 b^ 300 ntdc^meter. • * ^ 

10 A plate-shaped substrate 1 10 is arranged between the display screen 1 30 and 

the cathode means 120, xisually in proximity of the latter. The substrate 1 10 is provided with 
electron concentrators 1 IS. Preferably, the electron concentrators 1 IS are electron beam 
guiding cavities that are substantially ftmnel-shaped, and have an entrance 1 16 for collecting 
the electrons emitted by the cathode means 120 and an exit aperture 1 17 for releasing an 

IS electron beam EB. Within the electron concentrators 11 5, the endtted electrons are 

redistributed and concentrated into the electron beam EB, which has a relatively high beam 
current and a relatively homogenous electron distribution. Such electron concentrators are 
known from the cited US patent 5,270,6 11. 

For any color pixel 135, the substrate 1 10 has a corresponding electron 

20 concentrator 115. The iimer surface 1 1 8 of an electron concentrator 115 is at least partially 
coated with an electrically insulating material having a secondary emission coefiScient 5 of at 
least one for a predetermined range of electron impact energies, so that the inner wall 1 1 8 is 
able to emit a secondary electron when an electron impinges on it. This allows for the 
so-called hopping transport of electrons through the electron concentrator 115. The secondary 

25 emission material comprises, for instance, magnesium oxide (MgO). The substrate 1 10 has a 
thickness of for instance 400 pm. 

For enabling the hopping electron transport, a hop electrode 1 12 is present at 
the screen-facing side of the electron concentrator 115. In operation, a hop voltage is applied 
to the hop electrode 1 12 for establishing an electric field within the electron concentrator 

30 115. The hop voltage preferably has a constant value, or is altematively variable for 
controlling the beam current of the electron beam EB. 

When the hop voltage is equal to a predetermined threshold hop voltage, the 
hopping transport of electrons starts. By increasing the hop voltage, the beam current of the 
electron beam EB increases. A maximum hop voltage corresponds to a voltage at which a 
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peak beam ciurent is emitted by the cathode means 120. For instance, the threshold hop 
voltage lies within a range of JBrom 50 to 200 volt, and the maximum hop voltage, being 
larger than the threshold hop voltage, lies within a range of from 100 to 600 volt. 

in-generdrthe-exit'apertiw:e44^4s-smaller-thaa-the'entranc 

5 the cathode means 120. Preferably, the ratio of the surface area of the entrance 1 16 and the 
exit aperture 1 17 has a value substantially larger than 1:1, such as 10:1 or 20:1 . For example, 
the diameter of the entrance 116 is 500 micrometer and the diameter of the exit aperture 117 
is 50 micrometer. The electron beam EB leaving the electron concentrator 1 IS now has 

• sufficiently high beam current, and a particularly imiformous and homogeneous energy • 

10 distribution. 

Betwem the substrate 110 and the display screen 130, a screen spacer is 
arranged, similar to the previously described display device. The spacer keeps the siibstrate 
110 and the display screen 130 at a predetermined distance, for example 2 millimeter, and 
also functions as an internal vacuum support. 
1 5 Selection means are provided by means of a segmented outer electrode 140, 

which is arranged concentrically around the hop electrode 112. This may be observed in Fig. 
IB. The outer electrode is divided into two segments 140a, 140b between which a voltage 
difference may be applied. This voltage difference is referred to as deflection voltage in the 
following. The outer electrode 140 has the same thickness as the hop electrode 1 12, for 
20 instance 3 micrometer. 

By means of the deflection voltage, an electric deflection field is formed near 
the exit aperture 1 1 7 of the electron concentrator 1 1 5. If the electric deflection field is 
present, this causes the electron beam EB to leave the electron beam guidance cavity 1 15 at 
an angle with the main axis 1 18 of the electron concentrator 1 15. In the first embodiment, the 
25 selection means are able to deflect the electron beam EB in one direction only. 

For example, the hop voltage is fixed at 500 Volt. The beam current of an 
electron beam EB is then controlled at the cathode side of the electron concCTtrator 1 15. The 
segments 140a,b of the outer electrode receive a fixed voltage Yf, on which the deflection 
voltage Vd is superimposed so, that the average voltage applied to segments 140a, b is equal 
30 to Vf. For instance, the fixed voltage Vf is 400 Volt Now, if the deflection voltage is 200 
Volt, segment 140a receives 300 Volt and segment 140b receives 500 Volt. 

The sub-pixels 132R,G3 corresponding to the different primary colors red, 

green-aad3Jueja:ejaltema^ 

zero, no deflection field is present near the exit aperture 117. The electron beam EB remains 
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mdeflected and travels substantially in the direction of the main axis 118 of tibie electron 
concentrator 115. The electron beam EB impinges on the green subpixel 132G. 

However, if a deflection voltage of for instance +200 V is applied between the 
segments 140a,b of the outer electrode, the electron beam EB is deflected as it leaves the exit 
aperture 1 17, and impinges on the blue subpixel 132B, Correspondingly, if a deflection 
voltage of for instance -200 V is applied the electron beam EB impinges on tiie red subpixel 
132R. 

The selection means could be addressed in several different ways. Firstly it is 
possible to set the deflection voltage to a predetermined value (for instance +0 V) and>write 
an entire frame on the display screen using a conventional "line-at-a-time" pixel addressing 
scheme. Hius, all green sub-pixels 132G in one line are activated at the same time, and after 
a preselected period of time said line is deactivated, and the next line is selected. 

Thereby, the green image information is displayed first. Subsequently, the 
deflection voltage is changed to for example +200 V, and the blue image information is 
displayed, Subsequentiy, the deflection voltage is changed to for example -200 V, and the 
red image information is displayed. When this addressing is carried out at sufficiently high 
speed, the viewer perceives a single full-color image. 

Alternatively, it is possible to subsequently address each sub-pixel 132R,G,B 
of a single color picture element 135, so that the full color image information is displayed in 
a single frame, using a line-at-a-time pixel addressing scheme whereby all color pixels 135 in 
one line are activated at the same time. After a preselected period of time, said line is 
deactivated and the next line of color pixels is selected. 

Fig. 2 shows a cross-section of cathode means 220 suitable for use in a display 
device according to the invention, in more detail. 

The cathode means 220 comprise a cathode electrode 222 deposited on the 
first surface 202 and field emitter material 224 deposited on the cathode electrode 222. Thus, 
the display device is a Field Emission Display (FED). The advantage of applying field 
emitters is that they are relatively cheap, and able to emit electrons at relatively low drive 
voltages. 

The field emitter material 224 is provided within holes 225 in a resistive layer 
226, which layer is covered with a gate electrode 228. In the drawing, tibte indicated field 
emitter material 224 consists of microtip CToitters, but any other field emitter material, such 
as carbon nanotubes or graphite emitting particles, may be appUed instead. 
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By applying a voltage difference between the cathode electrode 222 and the 
gate electrode 228, the field emitter material 224 is energizable for emitting electrons. This 
voltage difference can be relatively low, for instance a voltage difference of ICQ Volts is 
"sufficieatlo^btami^^ 



5 In a second preferred embodiment of the display device, a 2x2 block of picture 

elements 332 of the display screen 330 constitutes a sub-array (tile) 335, as can be seen in 
Fig. 3, The picture elements 332 may comprise luminescent material of a single color, or may 
themselves comprise several sub-pixels of different colors, so that a color pixel is formed. 
Each picture element 332 measures for instance 300 by 300 micrometer, and adjacent picture* 

10 el^CTits are separated by a space of 100 micrometer which is filled with black matrix 

material 334. This material emits substantially no light wh«i it is struck by the electron beam 
EB. Thus, a tile 335 measures 800 by 800 micrometer. 

Each of the picture elements 332 witiun the tile 335 is addressable by electron 
beam BB emitted &om the electron concentrator 315. The electron beam EB is therefore 

15 deflectable over almost 800 micrometer. The distance between the substrate and the display 
screen is increased in this embodiment, for instance to 5 naiUimeter, this prevents the required 
deflection voltage from becoming too high. For example, an anode voltage of 10 kV now 
leads to a maximum deflection voltage of 250 V. 

Since the tiles 335 extend in two directions, the electron beam EB has to be 

20 deflectable in two directions as well. For this reason, a segmented outer electrode 340 is 

arranged concentrically with the hop electrode 312. The outer electrode 340 now comprises 
four segments 340a,b,c,d, each extending over an angle of approximately 90 degrees around 
the hop electrode 312. Two segments 340a,b that are arranged on opposing sides of the hop 
electrode 3 12, as seen in a row direction, receive a first deflection voltage Vdl for deflecting 

25 the election beam EB in said row direction. The two other segments 340c,d, being arranged 
on opposing sides of the hop electrode 312 as seen in a coluitnn direction, receive a second 
deflection voltage Vd2 for deflecting the electron beam EB in said column dhrection. 
If the pixels 332 are color pixels, a color selection voltage Vc may be 
superimposed on either the first deflection voltage Vdl or the second deflection voltage Vd2, 

30 for addressing the individual sub-pixels within each color pixel 332. 

Alternatively, the tile may conaprise a larger number of picture elements, such 
as 3x3 or 4x4. The electron beam is then deflected over a relatively large distance. To keep 

^,_^e,dejgLectLon,yQlt.ag.e^^an^cepl^e^^^^ between substrate and display, 

screen should be increased further, and/or the anode voltage should be larger. For instance. 
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when using a 4x4 tile of pixels, the distance may be increased to 8 millimeter and the anode 
voltage to 20 kV, in order to limit the required deflection voltages around 200 V. 

For example, the hop voltage is fixed at 500 Volt The segments 340a,b,c,d of 
the outer electrode receive a fixed voltage Vf of for instance 400 Volt, on which the 
5 deflection voltages Vdl, Vd2 are superimposed. 

Alternatively, it is possible to apply two separate fixed voltages Vfl, Vf2. For 
instance, segments 340a,b receive the first fixed voltage Vfl with the first deflection voltage 
Vdl superimposed thereon, and segments 340c,d receive the second fixed voltage Vf2 with 
the second deflection voltage Vd2 superimposed thereon. In this way, it is possible to adapt 
10 the shape of the electron beam EB as it leaves the electron concentrator 315. This is 
advantageous if the electron beam EB is deflected over a relatively large angle and as a 
consequence lands on the display screen 330 at a relatively large angle. In this case, the spot 
of the electron beam EB on the screen is deformed This deformation may be compensated 
for in this CTibodiment 

1 5 During operation, in the second preferred embodiment, liie first and second 

deflection voltages Vdl, Vd2 are non-zero at all times. Thus, the electron beam EB, when 
leaving the electron concentrator 315, is always deflected. As can be observed in Fig, 4, in 
case the electron beam EB is deflected, and leaves the electron concentrator 415 at a 
preselected angle with its main axis 419, the positive ions that are generated fi-om residual 

20 gases between the substrate 410 and the display screen 430 do not reach the electron 

concentrator 415. Rather, they land on the screen-facing surface 414 of the substrate 410. 

This is an advantage. When positive ions are able to reach the electron 
concentrator 415, they may damage the coating on its inner wall, its exit aperture or the hop 
electrode near the exit aperture. 

25 Thereby, the operation of the electron concentrator 415 deteriorates, and the 

lifetime of the display device is reduced. In the second preferred embodiment, the amount of 
positive ions that reaches the electron concentrator 415 is reduced, so that the ion damage 
inflicted to the electron concentrator 4 1 5 is minimized. 

The drawings are schematic and were not drawn to scale. While the invention 

30 has been described in connection with preferred embodiments, it should be understood that 
the inv^tion should not be construed as being limited to the preferred embodiments. Rather, 
it includes all variations which could be made thereon by a skilled person, within the scope of 
the appended claims. 
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Although the advantages of the present invention are most notable in a Field 
Emission Display as set out in this patent ^plication, other types of flat displa)^ relying on 
the gmeration and transport of electron beams may ^o benefit fix>m the application of the 

presenUnvention 

5 Suiaimarizing, the present invention relates to a display device having a 

display screen comprising a first array of picture elements for displaying image inforaiation, 
and cathode means for emitting electrons. The picture elements are grouped together into 
sub-arrays. The emitted electrons are collected by an electron concentrator which 
redistributes the electrons into a homogenous electron beam (EB). A single electron • 

10 concentrator is present for each sub-airay of picture elements, and the display device has 
selection means for deflecting the electron beam leaving an electron concentrator towards 
any picture element of the corresponding sub-array* Thereby, the displayed image may have 
a relatively high resolution. In a preferred embodiment, the image brightness is particularly 
hig^ and variations in brightness uniformity over the displayed image are reduced. 
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CLAIMS: 



1 • Disfplay device, comprising: 

- a display screen for displaying image information^ said display screen comprising a first 
array of picture elements; 

- cathode means for emitting electrons and 

5 — a number of electron concaitrators for collecting the electrons, an electron concentrator 
having an exit aperture for releasing an electron beam impinging on a picture element of 
the display screen, 
characterized in that 

- ttie first array comprises a predetermined number of sub-arrays, a sub-array comprising at 
1 0 least two of the picture elements, 

- a single electron concentrator is associated with a single sub-array, so that the number of 
the electron concentrators matches the number of the sub-arrays, and 

- the display device comprises selection means for deflecting the electron beam towards 
one of the picture elements wilfain the sub-array. 

15 

. . 2. Display device as claimed in Claim 1, charactCTized in that t^^ 

concentrator comprises the selection means. 

3. Display device as claimed in Claim 1, characterized in that the electron 

20 concentrator comprises an electron beam guidance cavity being provided with secondary 
emission material and having an entrance being larger than the exit aperture, whereby a hop 
electrode is arranged near said exit aperture for enabling a hopping transport of the electrons 
towards said exit aperture. 

25 4. Display device as claimed in Claim 4, characterized in that a ratio between a 

surface area of the entrance and a sxurface area of the exit aperture is at least 10:1. 

5- Display device as claimed in Claim 2 and 3, characterized in that the selection 

means comprise an outer electrode arranged substantially outside the hop electrode, said 
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outer electrode having at least two segments on opposing sides of the exit aperture, between 
which segments a deflection voltage is applied for deflecting the electron beam. 

6'. ^Display-device as-olaimed-m«Claiin-5^characterized^in-that^a-sub-^ 

5 comprises an even number of picture elements, a cent^ of the sub-array being aligned with a 
main axis of the electron beam guidance cavity, 

7. Display device as claimed in Claim 1, characterized in that a sub-array 

« comprises three picture elements (13SR,G3) corresponding to primary phosphor colors of 
10 the display screen (130). 



8. Display device as claimed in Claim 1, characterized in that cathode means 

(120) comprises a field emitter (224). 
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ABSTRACT: ^ ^' 2002 



A display device has a display screen (130) comprisiag a first array of picture 
elements (135) for displaying image information^ and cathode means (120) for CTiitting 
electrons. The picture elmients (135) are grouped together in sub-arrays (132). The emitted 
electrons are collected by an electron concentrator (1 1 5) which redistributes the electrons into 

a » o a 

5 a homogenous electron beam (EB). A single electron concentrator (1 1 5) is present for each 
sub-array (132) of picture elements (135), and the display device has selection means (140) 
for deflecting the electron beam (EB) leaving an electron concentrator (115) towards any 
picture element (135) of the corresponding sub-array (132). Thereby, the displayed image 
may have a relatively high resolution. In a preferred embodiment, the image brightness is 
1 0 particularly high and variations in brightness uniformity over the displayed image are 
reduced. 
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